pendent upon the relative amounts of enzyme and anti-enzyme present. In sterile abscesses, produced by such a powerful inflammatory irritant as turpentine, the stimulus bringing about an accumulation of leucocytes is so great that in a short time enough cells and free enzyme are present to overcome completely the antienzymotic activity of the limited amount of blood serum that infiltrates the inflamed tissue. This preponderance of enzyme over anti-enzyme is facilitated because the pressure within the confined space, in which the exudate is contained, prevents such accumuations of fluid as occur in large body spaces like the pleural cavity. Consequently one would expect the contents of abscess cavities to be powerfully proteolytic. This proteolysis, which can be convincingly demonstrated in vitro, explains the rapid and often extensive solution of tissue that accompanies abscess formation. 4 It is not improbable that a purulent exudate, in which enzyme is more powerful than anti-enzyme, itself acts as an inflammatory irritant, and intensifies the exudation of serum and emigration of leucocytes.
Studies of Delezenne and Pozerski 5 and of Hedins have shown that the blood serum contains both enzyme and anti-enzyme. The latter found that the globulin fraction exhibits the power of active proteolysis, whereas the albumin fraction manifests the characteristic anti-enzymotic action of the whole serum.
Little attention has been given to the proteolytic enzymes and anti-enzymes of the cerebro-spinal fluid. Edw. Miiller 7 has noted the absence of anti-enzymes in normal spinal fluid. He also has compared the action of centrifugalized sediment of tuberculous and epidemic meningitis. The former he finds exhibits no enzymotic activity; the latter causes solution, when tested on Loeffler's serum plates. Chariolanza, s using spinal fluid, observed some slight inhibition of the digestive, action of pus on serum plates. Whether the fluid was normal or not is not mentioned. In the present study, the absence of free proteolytic enzyme in normal and in most cases in pathological spinal fluids has been repeatedly observed. 'Opie, Jour. of Exper. Med., I9g6, viii, 536. tested was measured by adding to each digestion flask, in addition to the cerebro-spinal fluid, a weighed amount of leucocytic enzyme. The mixture was placed in the thermostat for five days and the amount of digestion determined by the method given above. The degree of inhibition is estimated by subtracting from the figure representing digestion caused by enzyme alone that representing digestion by the same quantity of enzyme in the presence of measured amounts of spinal fluid. ENZYME AND ANTI-ENZYME IN NORMAL SPINAL FLUID.
In the following experiments the fluid employed contained no microorganisms, and the subsequent history of the patients gave no evidence of any pathological condition of the meninges or central nervous system. CASE I.-The patient from whom this specimen of fluid was withdrawn was admitted to the Presbyterian Hospital suffering with sero-fibrinous pleurisy. The spinal fluid was clear and colorless and contained no blood or sediment. The bacteriological examination was negative. The volume was 50o c.c.
Enzymotic Activity.
Control.
After 5 The slight differences seen here between free digestions and controls are within the limits of experimental error and cannot be considered as evidence of enzymotic or anti-enzymotic activity.
CASE II.-Spinal fluid was obtained from a patient in the third week of an attack of typhoid fever. It was normal in appearance and contained no blood or sediment. The bacteriological examination was negative.
After 
None
This fluid shows no digestive activity; the increase in digestion in the flask containing spinal fluid and added leucoprotease is difficult to explain. Perhaps the spinal fluid forms, as a result of slightly increased alkalinity, or some other cause, a favorable medium for the action of leucoprotease. Enzymotic Activity.
Control.
After 5 days at 37d. I .3 c.c.
I4I C.C. None
This fluid apparently exhibits slight power to inhibit the activity of leucoprotease. Absence of red blood cells showed that it con-tained no blood serum as a result of injury due to tapping. The result indicating inhibition is at variance with the other observations; in the flask containing the largest quantity of spinal fluid, 2.5 c.c., no inhibition is manifest.
The foregoing study of normal spinal fluid shows that this fluid differs markedly in enzymotic and anti-enzymotic content from the blood serum and lymph, for both of these fluids contain an antienzyme which is able to check completely the activity of the proteolytic enzyme of the polymorphonuclear leucocyte. The blood serum, moreover, contains an enzyme which is active in acid medium. Tests of the spinal fluid made in Case II above show it to contain no enzyme which is able to cause proteolysis either in acid, neutral or alkaline medium. Furthermore, it does not exhibit the antienzymotic activity of the blood and lymph. The absence of both of these qualities is, perhaps, explained, in part, by the low protein content, since it has been demonstrated that the enzymatic activity of the blood is associated with the globulin fraction of the serum, and the anti-enzyme with the albumin. Albumin is entirely wanting in normal spinal fluid. What is known concerning the albumin and globulin of the spinal fluid in pathological conditions suggests the possibility that both enzyme and anti-enzyme may be increased so that in some instances active proteolysis may occur, whereas in others the anti-enzyme may predominate. Doubtless there is some selective power exerted upon the substances which are allowed to pass into the spinal fluid. The almost unique absence of serum albumin in normal fluid suggests this possibility.
Through the kindness of Dr. L. Emmett Holt a specimen of spinal fluid was received from a child suffering with so-called serous meningitis. The etiology of the disease is obscure. Quincke has separated the condition from the ordinary forms of meningitis of known infectious origin. Although in the present instance an autopsy was not obtained the clinical picture was that described as serous meningitis. Enzymotic Activity. 
None
In this experiment the fluid examined manifests the absence of enzymotic and anti-enzymotic action previously observed in normal spinal fluid. The lack of anti-enzyme, in this instance, is evidence that the fluid does not contain blood serum. It suggests the absence of a chronic inflammatory condition of the meninges for it will be shown later that, in meningitis running a chronic course, there is a tendency for the anti-enzyme of the spinal fluid to increase.
SUPPURATIVE MENINGITIS.
In the following five cases microorganisms other than Diplococcus intracellularis meningitidis of Weichselbaum were isolated from the spinal fluid. CASE V.-The spinal fluid used in the following test was from a case of suppurative meningitis due to infection with Streptococcus mucosus. The course of the disease was acute; the patient, a woman fifty-three years old, dying five days after the onset of symptoms. At lumbar puncture, on the fourth day of the disease, the fluid rose in the manometer tube 205 mm. and 40 c.c. were withdrawn. The fluid was turbid and gave a heavy yellowish sediment on standing. The bacteriological examination showed a pure culture of Streptococcus mucosus.
Enzymotic Activity. There has been active digestion of coagulated protein by this spinal fluid. If anti-body of the blood serum has been poured out into the exudate it is insufficient to check the proteolytic activity of the free enzyme present. There is increased digestion rather than inhibition of leucoprotease with 0.5 and I.o c.c. of spinal fluid. Slight inhibition with a greater quantity is difficult to explain for the same amount alone causes active proteolysis.
CASE VI.-The patient from whom the present specimen was obtained died five days after the onset of symptoms of meningitis. The course of the disease was acute. Autopsy showed the dura mater and pia mater to be thickened. There was fairly abundant purulent exudate over the cortex, especially in the sulci and median line. Sections showed that the meninges were covered with a thick layer of fibrin and were pervaded with leucocytes. There was some slight leucocytic infiltration of the cortex in places. At lumbar puncture, performed on the third day of the disease, the fluid flowed out at the top of a manometer tube 550 mm. in length; oo c.c. were withdrawn. The spinal fluid was pale yellow in color and showed a heavy sediment. Diplococcus lanceolatus was isolated in pure culture. Since digestion is much greater in neutral, and particularly in alkaline medium, than in acid, the active enzyme present is the leucoprotease of the polymorphoneuclear cells, doubtless set free by their disintegration.
Enzymotic Activity.
CASE VII.-The patient from whom this specimen was withdrawn was a girl ten years of age. The course of the disease was very acute, the patient dying the day after admission to the hospital. Lumbar puncture on the second day of the disease yielded twenty cubic centimeters of pale yellow, turbid fluid under moderate pressure. On standing a heavy sediment was deposited. The bacteriological examination showed a pure culture of Diplococcus lanceolatus.
Enzymotic Activity. CASE VIII.-In the patient from whom this fluid was obtained, a man thirtytwo years old, the involvement of the meninges was secondary to an attack of lobar pneumonia. The duration of the meningitis was two days. The patient died on the seventh day of the disease. On the day of development of meningeal symptoms, 25 c.c. of pale yellow, turbid spinal fluid under slightly increased pressure were obtained. No blood was present in the fluid. The bacteriological examination showed Diplococcus lanceolatus.
Control.
After This fluid shows no digestion in neutral medium, and slight digestion in alkali; there is no inhibition of leucoprotease.
CASE IX.-The patient, a woman twenty-five years old, first showed symptoms of meningitis three weeks before admission to the hospital. These cleared up somewhat, only to become acute again two days before admission. The patient died three days later. Lumbar puncture was done on what was probably the twenty-second day of the disease. Sixty cubic centimeters of cloudy fluid were withdrawn. A moderate yellow sediment was deposited on standing. The fluid showed a blood-stained coagulum and some red blood cells. Diplococcus lanceolatus was isolated in pure culture.
After 5 days Digestion. at 37°. Anti-enzymotic Activity. The course of the disease was more extended in this case than in the four preceding cases. There is practically no digestion and only slight inhibition. A few hours before the fluid used was withdrawn an attempt at lumbar puncture had resulted in considerable hemorrhage and it is probable that the spinal fluid obtained later was mixed with blood serum. 'The following spinal fluids are from patients suffering with epidemic cerebro-spinal meningitis. All these patients were treated by injection of Flexner's anti-meningitis serum into the subdural space. Specimens of the fluid were obtained both before and after injection through the kindness of Dr. E. Singer of Lebanon Hospital of New York. CASE X.-The patient from whom spinal fluid was secured was a boy twelve years of age. The course of the disease was mild, the temperature returning to normal on the tenth day. The first lumbar puncture was made on the third day of the disease and the fluid obtained was used in the following experiment. The spinal fluid was pale yellow in color and showed a fairly heavy yellow sediment. No blood was present. Diplococcus intracellularis meningitidis was demonstrated in smears and by culture.
After 5 Trivial digestion and inhibition have occurred, and indicate the probable presence of free enzyme and anti-enzyme in very small amounts.
The second lumbar puncture in this case was made on the fourth day of the disease. Thirty cubic centimeters of spinal fluid (second specimen) were withdrawn. This fluid causes no digestion, whereas the power of inhibition has become very marked.
Immediately after the last lumbar puncture 30 c.c. of anti-meningitis serum were injected into the subdural space. Thirty cubic centimeters of spinal fluid (third specimen) were withdrawn twenty-fqur hours later on fifth day of disease, preparatory to another'injection of serum. .65 c.c. 3.55 c.c.
Inhibition has diminished somewhat, notwithsanding the injection of 30 c.c. of a serum whose power to inhibit leucoprotease is equal to that of fresh blood serum.' 3
Twenfy-four hours before the next specimen of fluid was withdrawn, the patient had received a second injection of 30 c.c. of serum into the subdural space. By lumbar puncture 30 c.c. of cloudy, faintly orange-colored fluid (fourth specimen) were secured on the seventh day of the disease. 
None
The anti-enzymotic action of the fluid previously observed has entirely disappeared.
Thirty cubic centimeters of fluid (fifth specimen) were withdrawn twentyfour hours after the third injection of 30 c.c. of serum on the eighth day of the disease. tions of a serum capable of inhibiting the action of leucoprotease, for previous to the performance of the above series of experiments, tests of the power of the anti-meningitis serum used to inhibit leucoprotease have been made. The following test shows that the serum, after standing on ice for three months, has lost none of its initial power to inhibit leucoprotease. From these results it is seen that anti-meningitis serum retains undiminished, after three months, its power to inhibit leucoprotease. CASE XI.-The patient from whom the following spinal fluids were withdrawn was a woman twenty-six years old. The course of the disease was severe, the patient dying on the thirteenth day. The first fluid was withdrawn on the tenth day of the disease. It was colorless and contained only a small amount of sediment, and no blood. Diplococcus intracellularis meningitidis was isolated from the fluid by culture.
Enzymotic Activity. No enzymotic or anti-enzymotic action is manifested by this fluid.
Control
The fluid (second specimen) obtained the next day resembled that of the first tap. Tests with the quantities previously used gave the following results:
Enzymotic Activity.-Digestion: 0.2 c.c. Anti-ensymotic Activity.-Inhibition: 0.7 c.c.
The following specimen of fluid (third specimen) was secured on the twelfth day of the disease. During the preceding forty-eight hours the patient had received by injection into the sub-dural space two doses of anti-meningitis serum of 40 c.c. each. The present fluid was orange-yellow in color and contained a heavy sediment. A few red blood cells were present.
Enzymotic Activity. The fluid shows some inhibition of leucoprotease.
The following test was made with spinal fluid (fourth specimen) removed twenty-four hours after the third consecutive injection of 40 c.c. of anti-meningitis serum. The patient died the same day. The fluid was orange-yellow in color. The sediment was less than in the preceding specimen. No blood was present.
Enzymotic Activity. The fluids of this series fail to show any digestive power. The inhibitory action upon leucoprotease has been greatest after the second injection of anti-meningitis serum.
CASE XII.-The following series of fluids was obtained from a girl nine years old. The course of the disease was severe and especially resistent to treatment. The patient died on the forty-seventh day of the disease. A record of the amount of fluid withdrawn at each puncture was not kept. The routine procedure in such cases of epidemic meningitis has been to withdraw a volume of spinal fluid equal to the quantity of anti-meningitis serum injected. The first lumbar puncture was made on the first day of the disease. The fluid obtained was turbid and showed a moderate amount of sediment. The centrifugalized specimen was colorless and no red blood cells present. Diplococcus intracellularis mcningitidis was isolated by culture.
Ensymotic Activity.
Control.
After 5 The fluid shows practically no digestion and very marked inhibition of leucoprotease.
The second specimen of fluid was withdrawn on the second day of the disease. It was slightly turbid, blood-tinged and showed a reddish-yellow sediment.
Enzymotic Activity. The inhibition is less than that determined by the previous test.
Control
The fluid (third specimen) used in the following test was obtained on the third day of the disease, and twenty-four hours after the first injection of 30 c.c. of anti-meningitis serum. It was pale orange in color, turbid, and contained a small blood-stained coagulum. More red blood cells were present in this than in the preceding specimens. Quantities used in the foregoing test gave the following results:
Enzymotic Activity. This specimen has caused slight digestion. It might be expected that the inhibitory power of the spinal fluid would increase after the injection of such large quantities of an actively inhibiting serum; instead there is a rapid diminution, terminating on the fourth day of the disease in practically complete loss of the initial antienzymotic action.
A second series of tests is separated from the preceding series by an interval of six weeks. In the interim the patient had received into the subdural space 345 c.c. of anti-meningitis serum at varying intervals. Seven days before the withdrawal of the following specimen there had been an injection of 30 c.c. of serum. The fluid used for the following test was colorless and only slightly turbid, and contained no blood. It was obtained on the forty-first day of the disease. There is no digestion and only trivial inhibition.
The second specimen of the series, removed on the forty-second day of the disease, and twenty-four hours after an injection of 30 c.c. of anti-meningitis serum, was orange-yellow in color and slightly turbid. No blood was present.
Enzymotic Activity. At no time represented by these two series of fluids is digestive power manifested. Inhibition of leucoprotease is greatest on the first day of the disease and disappears rather rapidly in the early stages of the disease. The small amount of blood mixed with some of the specimens was too much diluted by the spinal fluid to exhibit any anti-enzymotic activity. This is apparent from the absence of anti-enzyme in the third fluid of the first series of tests in the foregoing experiment. There is slight inhibition on the day after the disease has assumed a somewhat chronic course. The failure of anti-meningitis serum (horse's blood serum) to increase the inhibitory action of the spinal fluid demonstrates that the major portion of this serum is eliminated from the spinal fluid within twenty-four hours after injection. In view of this disappearance of the anti-enzyme of horse serum from the spinal canal an experiment was performed to determine if the spinal fluid neutralized the anti-enzymotic action of blood serum. Normal spinal fluid was mixed with varying quantities of fresh beef serum, and the inhibitory action of the mixture tested with leucoprotease. Control digestions were made containing beef serum alone in equal amounts. The presence of spinal fluid did not increase the activity of the anti-enzyme of the serum.
The lack of anti-enzyme in the spinal fluid after the injection of large quantities of horse serum seems then to be due to a rapid elimination of this substance from the spinal fluid. Concerning the rate of absorption of foreign substances from the subdural space, the evidence is somewhat contradictory.
The acute infections of the meninges, which have been studied, represent the common suppurative conditions of the membranes of the brain and spinal cord. The microorganism causing the disease in four instances was Diplococcus lanceolatus; in one instance Streptococcus mucosus, and in three, Diplococcus intracellularis meningitis. Of these eight conditions the spinal fluids in four contained free proteolytic enzyme. In the remaining instances free enzyme, in appreciable quantities, was not demonstrable, and some of the specimens of fluid obtained exhibited anti-enzymotic action. In infections with Diplococcus lanceolatus, and with Streptococcus mucosus, there has seemed to be a tendency for free enzyme to accumulate in the spinal fluid inasmuch as four of the fluids examined in these conditions have exhibited active proteolysis. This is probably not characteristic of such infections, but is simply an index of the virulence of the infecting microorganism, and the greater severity of the inflammatory reaction. Emigration and disintegration of polymorphonuclear leucocytes proceed so rapidly that the ordinary measure for ridding the spinal fluid of foreign constituents is insufficient. The condition now resembles that in an abscess cavity in which there is abundance of free enzyme.
The results obtained in the series of fluids from the three cases of epidemic meningitis have considerable interest. At no time was it possible to demonstrate any enzymotic activity, though sediment containing polymorphonuclear leucocytes was abundant in many of the specimens of fluid studied. In the fluids withdrawn during the early stages of the disease anti-enzyme was present. This antienzymotic action, however, underwent rapid diminution and was not restored by the injection of large quantities of horse serum, capable of active inhibition of the enzyme employed for the tests. At the same time the amount of cells decreases, so that the loss of anti-enzymotic action can hardly be attributed to the neutralization of anti-enzyme by an increased amount of free enzyme. With the loss of anti-enzyme one would expect the appearance of proteolysis, but at no time did these fluids show digestion. It is probable that both substances are rapidly eliminated from the spinal fluid and are demonstrable only in acute infections when enzyme or anti-enzyme accumulates with great rapidity. The study of inhibition of leucoprotease after injections of anti-meningitis serum (horse's blood serum) showed that the anti-enzyme of the injected serum had disappeared within twenty-four hours from the subdural fluid, even though large amounts of serum had been injected.
TUBERCULOUS MENINGITIS.
The spinal fluid in tuberculous meningitis contains few cells, the majority of which are lymphocytes. In most instances serum albumin is present and the total protein is increased in amount. One would expect, therefore, the fluid to manifest no proteolysis and a varying degree of anti-proteolytic action upon the enzyme of polymorphonuclear leucocytes. Anti-enzyntotic Activity. There is no digestion and slight inhibition of proteolysis.
CASE XV.-Fluid was obtained from a boy five years old. The duration of the disease, as far as could be determined, was about two weeks. There was some evidence of pulmonary tuberculosis. The patient died a few days after admission to the hospital. Although the bacteriological examination was negative, the symptoms, namely, headache, vomiting and convulsions, pointed to tuberculous meningitis. Thirty cubic centimeters of clear spinal fluid were secured by lumbar puncture on the seventh day of the disease. It contained a small coagulum; but no sediment, or blood.
Enzymotic Activity. There is no digestion and slight inhibition of leucoprotease.
CASE XVI.-Spinal fluid was obtained from a baby eighteen months old, prcsenting the ordinary symptoms of tuberculous meningitis. The patient died, as nearly as could be estimated, on the twentieth day of the disease. The spinal fluid obtained on the tenth day of the disease was pale yellow in color and contained a small coagulum showing many polymorphonucleear and mononuclear cells. No blood was present. The amount withdrawn was thirty cubic centimeters. Tubercle bacilli were demonstrated by bacteriological examination.
Control.
After 5 This fluid exhibits practically no digestion, but power to inhibit the action of leucoprotease.
Digestion.
13.45 c.c. Enzymotic Activity.
Comrol.
After 5 II.55 C.C.
Inhibition.
7.8 c.c. 3.75 c.c.
The fluid shows well-marked inhibition of leucoprotease.
CASE XVIII.-Fluid was secured from a boy two years old, exhibiting the ordinary symptoms of tuberculous meningitis. The spinal fluid on about the fourteenth day of the disease was colorless, slightly opalescent, and contained a minute brownish sediment. The presence of tubercle bacilli was demonstrated by bacteriological examination.
Control.
After Anti-enzymotic Activity. 
None
The fluid shows no digestion and no inhibition. In five out of seven specimens of fluids, from cases of tuberculous meningitis, anti-enzyme was present in demonstrable quantities. In no instance was it possible to show the presence of active enzyme. In normal spinal fluid the lack of anti-enzyme is explained, probably by the absence of serum albumin, with which is associated the antienzyme of the blood. In certain pathological conditions of the meninges albumin makes its appearance in the spinal fluid; and in cases of tuberculous meningitis the protein content of the fluid may reach one per cent.' 4 In tuberculous meningitis with increased amount of protein, there is a limited source of enzyme because of the low cellular content of the spinal fluid. In view of these facts it is not unexpected that the above series of fluids exhibited no enzymotic activity and a varying degree of anti-enzymotic action. Enzymotic Activity.
Control.
After 5 days Digestion. 9.8 c.c. 5.6 c.
The marked inhibition that has been found suggests the presence of a considerable amount of serum albumin, and is evidence that anti-enzyme and perhaps other elements of the blood serum have accumulated in the spinal fluid. Enzymotic Activity.
After 5 space, presumably due to transudation from the blood vessels. In two instances large amounts of fluid were secured at lumbar puncture and the pressure recorded by the manometer tube was high. That elements of the blood serum under such conditions pass into the spinal fluid, and are not efficiently eliminated, is manifest from the power to inhibit leucoprotease exhibited by these fluids.
CONCLUSIONS.
The experiments which have been presented show that the spinal fluid occupies a unique position among the fluids which accumulate in serous cavities of the body. It contains normally neither proteolytic enzyme nor anti-enzyme, whereas blood serum, from which it is derived, exhibits both enzymotic and anti-enzymotic activity.
In the blood anti-enzyme greatly predominates over enzyme, so that proteolysis does not occur, unless the anti-enzymotic power of the serum has been destroyed by the addition of acid. In pathological conditions both enzyme and anti-enzyme may make their appearance in the spinal fluid. With inflammations of other serous cavities of the body the anti-enzyme of the exuded serum as a rule preponderates over and restrains the activity of the proteolytic enzyme freed from leucocytes. On the other hand, in infection of the meninges with Diplococcus lanceolatus. and with Streptococcus mucosus free proteolytic enzyme has been present in considerable amount in four of five fluids which have been tested. Free proteolytic enzyme has not been observed in the spinal fluid in cases of epidemic meningitis.
The cases which have been studied demonstrate that in epidemic meningitis some anti-enzymotic action may be present in the early stages of the disease; but it tends to disappear rapidly so that antienzyme seems to be constantly at a low ebb. It is possible that the absence of anti-enzyme in normal spinal fluid, and the tendency for it to disappear so much more rapidly than in other inflammatory exudates, may explain in part the severity of acute meningeal infections.
Non-inflammatory transudates into the subdural spaces differ from inflammatory exudates in that the inhibitory element of the blood serum accumulates, and this accumulation suggests an inter-terence with the elimination of the antibody from the spinal fluid. Such interference is not evident in so-called serous meningitis.
In content of anti-enzyme the spinal fluid of chronic conditions, such as tuberculous meningitis, apparently occupies an intermediate position between acute inflammation and serous effusion, and five of seven tuberculous fluids which were tested exhibited various degrees of anti-enzymotic action.
Variations in content of enzyme and anti-enzyme, noted above, may depend upon the rapidity with which the fluid, carrying the elements mentioned, enters the spinal cavity, as well as upon the rate of their elimination from the spinal fluid. Subdural injection of large quantities of anti-meningitis serum (horse's blood serum) does not increase the anti-enzymotic activity of fluids withdrawn twentyfour hours after its injection; disappearance of anti-enzyme being caused. by rapid elimination of serum from the spinal fluid.
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